Introduction
β-Amino acids and their cyclyzed derivatives such as β-lactams have received much attention in recent years owing to their interesting biological activities. 1 A variety of pharmacologically important natural products such as paclitaxel, 2 dolastatins, 3 and jasplakinolide 4 contain β-amino acids as a constituent. β-Amino acids are also found in proteins although in much less abundance compared with α-amino acids. Oligomers of β-amino acids have been the subject of intensive research because of their interesting folding patterns.
5 Accordingly, numerous synthetic strategies for the preparation of β-amino acids have been reported. 6 Recently, we reported a convenient synthesis of optically active α-and β-disubstituted amino acids from the corresponding β-hydroxy carboxylic acids. 7 We now wish to report synthesis of enantiomerically pure α-mono and α,α-disubstituted β-amino acids from the correspondingly substituted racemic β-hydroxy acids that can be readily obtained from diethyl malonate. In the present synthesis, (S)-phenylethylamine is employed as a source for the amino group in the β-amino acids and as a resolving agent to yield readily separable diastereoisomeric amide intermediates which can be readily transformed into the target compounds.
The synthetic route is shown in Scheme 1. β-Hydroxy acids (1) were coupled at room temperature with (S)-phenylethylamine using 1-(dimethylaminopropyl)-3-ethylcarbodiimide (EDCI) in the presence of 1-hydroxybenzotriazole hydrate (HOBT) and triethylamine in methylene chloride solution to give 2 in excellent yield. The amide mixture (2) thus obtained in a diastereoisomeric mixture (about 1 : 1 ratio) was separated readily by flash column chromatography to yield 2 in an optically pure form. In the cases of 2a and 2e, the diastereomers were more easily separated as β-lactams in the subsequent step. Conversion of 2 into β-lactams 3 was effected in excellent yield by mesylation of the hydroxyl followed by treatment with sodium hydride in DMF. The lactam formation reaction under the Mitsunobu conditions was effective only in the case of 2d and 2e. The β-lactams were then hydrolyzed under the acidic conditions using 6 N HCl to give N-alkylated β-amino acids that were subjected to hydrogenolysis in methanol containing a small amount of acetic acid and palladium hydroxide on charcoal. 8 The resulting β-amino acids in the form of HCl salt were converted into a salt free form by treatment with DOWEX ion exchange resin. The stereochemical assignments for the β-amino acids thus obtained were made by comparing their specific rotations with those of respective authentic compounds reported in the literature (Table 1) , and the stereochemistry of each intermediate in the syntheses was accordingly established. The α-mono and α,α-disubstituted racemic β-hydroxy acids used for the present synthesis were readily prepared, as illustrated in Scheme 2, starting 2-mono or 2,2-disubstituted 1,3-propanediol that were obtained from diethyl malonate.
Experimental Section
Melting points were taken on a Thomas-Hoover capillary melting point apparatus and were uncorrected. IR spectra were recorded on a Bruker Equinox 55 FT-IR spectrometer. 1 H NMR and 13 C NMR spectra were obtained with a Bruker AM 300 (300 MHz) NMR spectrometer using tetramethylsilane as the internal standard. Mass spectral data were obtained with Micro Mass Platform II 8410E spectrometer. Optical rotations were measured on a Rudolp Research Autopol III digital polarimeter. Silica gel 60 (230-400 mesh) was used for flash chromatography and thin layer chromatography (TLC) was carried out on silica coated glass sheets (Merck silica gel 60 F-254). Elemental analyses were performed at Pohang University of Science and Technology, Pohang, Korea.
(2R,1'S)-and (2S,1'S)-2-Hydroxymethyl-3-methyl-N-(1'-phenylethyl)butyramide ((2R,1'S)-and (2S,1'S)-and 2b). 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydro-chloride (1.88 g, 9.8 mmol), 1-hydroxybenzotriazole hydrate (1.32 g, 9.8 mmol), and Et 3 N (1.5 mL, 10.8 mmol) were added to the stirred solution of 1b (1.30 g, 9.8 mmol) in CH 2 Cl 2 at 0 o C, and the solution was stirred for 10 min. (S)-Phenylethylamine (1.39 mL, 10.8 mmol) was added to the reaction mixture at 0 o C, and the mixture was stirred for 1 h at room temperature. The solution was washed with 10% aqueous solution of citric acid, saturated aqueous NaHCO 3 solution, and brine, and the organic layer was dried over MgSO 4 . The dried solution was concentrated under reduced pressure to give the crude product (2.22 g, 96%) as a white solid in a diastereomeric mixture which was separated into (2R,1'S)-2b (0.92 g, 40%) and (2S,1'S)-2b (1.05 g, 45%) by flash column chromatography (hexane/EtOAc = 4/1 to 2/1). (
3R,1'S)-and (3S,1'S)-3-Methyl-1-(1'-phenylethyl)-azetidin-2-one ((3R,1'S)-and (3S,1'S)-4a).
1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (2.20 g, 11.5 mmol), 1-hydroxybenzotriazole hydrate (1.55 g, 11.5 mmol), and Et 3 N (1.77 mL, 12.7 mmol) were added to the stirred solution of 1a (1.20 g, 11.5 mmol) in CH 2 Cl 2 at 0 o C, and the solution was stirred for 10 min. (S)-Phenylethylamine (1.63 mL, 12.7 mmol) was added to the reaction mixture at 0 o C, and the mixture was stirred for 1 h at room temperature. The solution was washed with 10% aqueous solution of citric acid, saturated aqueous NaHCO 3 solution, and brine, and the organic layer was dried over MgSO 4 . The dried solution was concentrated under reduced pressure to give the crude product in a diastereomeric mixture which was purified by flash column chromatography (hexane/ EtOAc = 4/1 to 2/1) to afford 2a (2.15 g, 90%) as a colorless oil. Methanesulfonyl chloride (0.96 mL, 12.4 mmol) and Et 3 N (1.74 mL, 12.4 mmol) were added to the stirred solution of 2a (2.15 g, 10.4 mmol) in CH 2 Cl 2 at 0 o C and the solution was stirred for 10 min. The reaction mixture was washed with 1 N HCl and the organic layer was dried over MgSO 4 . The dried solution was concentrated under reduced pressure to give a mesylated product in a white solid. The product was dissolved in DMF and the solution was cooled to 0 o C. To the solution, NaH (0.50 g, 12.4 mmol, 60% dispersion in mineral oil) was added and the reaction mixture was stirred for 4 h. The solution was diluted with EtOAc, and washed with 5% aqueous Na 2 S 2 O 3 solution to remove DMF. The organic layer was dried over MgSO 4 and concentrated under reduced pressure to give the crude product (1.80 g, 92%) in a diastereomeric mixture. The diastereomeric mixture was separated by flash column chromatography (hexane/EtOAc = 8/1 to 4/1) to give (3R, 1'S)-4a (0.87 g, 44%) and (3S,1'S)-4a (0.67 g, 34%) as colorless oil.
( (R)-3-Amino-2-methylpropanoic acid ((R)-5a). β-Lactam (3R,1'S)-4a (320 mg, 1.7 mmol) was suspended in 6 N HCl and the mixture was heated under reflux for 6 h. The solvent was removed under reduced pressure and residue was dissolved in MeOH (10 mL) containing water (1 mL) and acetic acid (0.25 mL), and was subjected to hydrogenolysis in the presence of Pd(OH) 2 (20 wt.%, 0.2 g) under hydrogen (3 atm) for 24 h at room temperature. The reaction mixture was filtered and the filtrate was concentrated under reduced pressure to afford (R)-5a as a HCl salt which was adsorbed on an acidic ion-exchange resin (Dowex 50WX 8). The resin was washed with distilled water until the washings were neutral, and then the free amino acid was eluted with 1.5 M aqueous NH 4 C NMR spectra were identical to those of (R)-5e.
3-Acetoxy-2-methylpropanol (7a). A mixture of 2-methyl-1,3-propanediol (6a) (10 mL, 0.11 mol), trimethylorthoacetate (15.3 mL, 0.12 mol), and a catalytic amount (2.28 g, 0.012 mol) of p-toluenesulfonic acid monohydrate in CH 2 Cl 2 was stirred for 1 h at room temperature. The reaction mixture was concentrated under reduced pressure and the residue was purified by flash column chromatography (EtOAc/hexane = 1/5) to give the product (14.29 g, 96%) as a colorless oil. 1 
